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* NOTICES * 

JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The controlling-the-discharge approach of glow discharge equipment that the shift to arc 
discharge from the glow discharge in said glow discharge equipment is detected, and only time amount 
for less than 10 microseconds immediately after this detection is characterized by making it stop the 
electric supply from said RF generator in the approach of controlling the discharge in the glow discharge 
equipment using an RF generator. 

[Claim 2] The glow discharge equipment supplied through a wattmeter and an impedance-matching 
circuit from an RF generator, The difference circuit which obtains a changed part of a reflected wave 
electrical potential difference, and a changed part of a progressive wave electrical potential difference 
with the signal taken out from said wattmeter, and takes the difference of the former for these change, 
and the latter, The discharge control unit which offered the control circuit where it detects that said glow 
discharge equipment shifted to arc discharge from glow discharge based on the output of this difference 
circuit, and only the time amount for less than 10 microseconds stops the electric supply from said RF 
generator. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control approach at the time of starting the 
controlling-the-discharge approach of glow discharge equipment and discharge control unit which used 
the RF generator, especially shifting to arc discharge from glow discharge, and a control unit. 
[0002] 

[Description of the Prior Art] For example, in a sputtering technique, although glow discharge is 
performed in predetermined space, especially for carrying out sputtering of the insulating material etc., 
electric power is supplied using an RF generator. In this RF sputtering, it shifts to arc discharge 
suddenly during processing by that glow discharge, and a damage may be given to a sample. Generally, 
if power becomes large, it will become easy to generate arc discharge. That is, it becomes the field 
which will not immediately disappear even if an arc arises from a field with little generating of an arc if 
power is increased and the sputtering rate is enlarged, and if it enlarges further, it will become the field 
which carries out arc discharge continuously and does not disappear. 

[0003] The power value to which the ease of generating of an arc and an arc do not disappear is decided 
by the quality of the material of the target used as the electrode of another side, the consistency, cooling 
conditions, etc., when a vacuum housing (chamber) is used as one electrode, although it is also possible 
to consider as the conditions which cannot generate an arc easily by defining power according to the 
quality of the material of a target, since various quality of the materials of a target come out and there 
are, they are not practical. 

[0004] Therefore, when beginning to shift to arc discharge from glow discharge, a most practical and 

effective approach intercepts an arc. 

[0005] 

[Problem(s) to be Solved by the Invention] About this arc cutoff, the shift to arc discharge from glow 
discharge will be detected, and, subsequently the electric supply from an RF generator will be stopped 
immediately. And an electric supply stop time will shift to arc discharge again, if suitable time amount is 
not chosen. This electric supply stop time is conventionally made into about 200 microseconds, and such 
employment is made. 

[0006] However, although arc discharge stops even if an electric supply stop time is 200 microseconds, 
a situation with it difficult [ to maintain the glow discharge for continuing another side sputtering ] is 
coming out. This originates in the application as functional film of a spatter thin film making breadth 
and a spatter pressure lower than a discharge-starting pressure, and performing a process increasingly. 
[0007] Thus, under the fall inclination of spatter process **, that an electric supply halt for 200 
microseconds has a bad influence on glow discharge poses a problem. 

[0008] It aims at offering the approach and equipment which perform power control which this 
invention was made in consideration of the above-mentioned point, controls arc discharge by spatter 
process ** lower than a discharge-starting pressure, and performs glow discharge stably. 
[0009] 
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[Means for Solving the Problem] In the approach of controlling the discharge in the glow discharge 
equipment which used the RF generator according to claim 1 by this invention for the above-mentioned 
purpose achievement The shift to arc discharge from the glow discharge in said glow discharge 
equipment is detected. The controlling-the-discharge approach of the glow discharge equipment 
characterized by covering the time amount for less than 10 microseconds immediately after this 
detection, and making it stop the electric supply from said RF generator, And the glow discharge 
equipment supplied through a wattmeter and an impedance-matching circuit from an RF generator 
according to claim 2, The difference circuit which obtains a changed part of a reflected wave electrical 
potential difference, and a changed part of a progressive wave electrical potential difference with the 
signal taken out from said wattmeter, and takes the difference of the former for these change, and the 
latter, After detecting that said glow discharge equipment shifted to arc discharge from glow discharge 
based on the output of this difference circuit, the discharge control unit which offered the control circuit 
which stops the electric supply from said RF generator over the time amount for less than 10 
microseconds is offered. 
[0010] 

[Embodiment of the Invention] Electric power is supplied to glow discharge equipment through a 
wattmeter and a matching circuit from an RF generator. Since this electric supply path transmits a RF, it 
is regarded as a distributed constant circuit. 

[001 1] While glow discharge is performed, from an RF generator to a discharge device, electric supply 
is performed so that progressive wave power may become [ reflected wave power ] few as much as 
possible greatly, and reflected wave power and progressive wave power do not carry out big change. On 
the other hand, if arc discharge arises with glow discharge equipment, reflected wave power increases 
rapidly and this change can detect arc discharge generating. 

[0012] On the other hand, generating of arc discharge decreases progressive wave power. Therefore, 
when reflected wave power's having increased rapidly and progressive wave power decreased, the shift 
to arc discharge is detectable. 

[0013] Making reduction of progressive wave power into another condition of arc discharge shift 
detection is based on the following reason. Reflected wave power increases rapidly also at the time of 
restart of an RF generator, and cannot distinguish what is depended on arc discharge shift, or the thing at 
the time of restart of an RF generator in having been based only on reflected wave power. Although this 
point and progressive wave power decrease at the time of arc discharge shift, it increases at the time of 
restart of an RF generator. Therefore, arc discharge shift is discriminable from the time of restart of an 
RF generator by supervising both reflected wave power and progressive wave power. 
[0014] Here, in the sputtering system, as mentioned above, low voltage-ization of a spatter pressure is 
attained. That is, reducing the pressure of the argon gas with which it fills up in a chamber as an attempt 
which improves the quality of the generation film is performed. This is based on the following reason. 
[0015] In order to obtain the good generation film, sputtered particles need to carry out high-speed 
migration, without slowing down the inside of a chamber, and need to collide with a target. The 
direction with few argon atomic numbers which exist in the moving trucking of sputtered particles is 
good for it. If the pressure in a chamber is lowered, the probability for sputtered particles to be in the 
middle of migration, and to collide with other argon atoms will decrease. Then, reducing argon ** in a 
spatter pressure, i.e., a chamber, is performed. 

[0016] In this case, when becoming a problem shifts to arc discharge from glow discharge, an RF 
generator is intercepted and arc discharge is stopped, but if the electric supply stop time of an RF 
generator becomes long, in order that the plasma may disappear, it is that glow discharge disappears and 
it becomes impossible to continue sputtering. This showed that the electric supply stop time of an RF 
generator had to be made to some extent into the following die length. 
[0017] 

'[Example] Drawing 1 shows the electric supply control circuit of the glow discharge equipment 
concerning this invention. In this circuit, it connects with a target and a chamber through a coaxial cable, 
Wattmeter CM, a coaxial cable, the impedance-matching circuit IM, and the direct-current cut capacitor 
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Cc from RF generator PS which produces an output with a frequency of 13.56MHz, for example, and 
has the composition that electric power is supplied between target-chambers from RF generator RF. And 
the arc detection control circuit ACC is connected to Wattmeter CM. 

[0018] In order to perform electric supply control in this RF feeder circuit, the difference which used the 
reflected wave electrical potential difference Vpr and the progressive wave electrical potential difference 
Vpf, gave differential circuits 3 and 4 through amplifier 1 and 2 instead of the reflected wave power 
taken out from Wattmeter CM and progressive wave power, took out differential signal dVpr/dt and 
dVpf/dt, gave these differential signal to the comparator 5, and deducted the latter from the former is 
acquired. Although this difference is given to the mono-multi circuit 6, if a difference is above large to 
some extent, it will be given as the arc cut pulse with the persistence time, i.e., a power-source cutoff 
signal, which shows interrupting time from the mono-multi circuit 6 to RF generator RF, and RF 
generator RF will stop electric supply. 

[0019] In the equipment shown in this drawing 1 , GD is glow discharge equipment, on the other hand, 
produces glow discharge between the targets T a pole is a vacuum housing CH and is [ targets ] an 
another side pole, and performs sputtering here. 13.56MHz RF electric supply is performed to this glow 
discharge equipment GD through Wattmeter CM (power monitor), the impedance-matching circuit EM, 
and the direct-current cut capacitor Cc from RF generator PS. 

[0020] That is, Wattmeter CM has the terminal which can connect the equipment or the instrument 
which measures high-frequency power. Moreover, the impedance-matching circuit IM adjusts a line 
impedance and the impedance of glow discharge equipment GD, by this, it adjusts the output of RF 
generator PS so that progressive wave power to a load may be made into max and reflective power from 
a load may be made into min, and it supplies high-frequency power to glow discharge equipment GD 
well. Since glow discharge equipment GD follows rectification on the discharge, direct current voltage 
VDC occurs at Target T, and it is separated in direct current by the direct-current cut capacitor Cc 
between the impedance-matching circuits IM. 

[0021] Drawing 2 shows the change of state before and behind arcing in the equipment shown in 
drawing 1 as a timing diagram. Here, the progressive wave electrical potential difference Vpf, the 
reflected wave electrical potential difference Vpr, the output voltage VRF of the impedance-matching 
circuit IM, and the target direct current voltage VDC of glow discharge equipment GD are shown. First, 
the electric supply electrical potential difference Vpf falls or rises by arcing. Although this changes 
according to the conditions of the impedance-matching circuit IM etc., it usually comes to fall. 
[0022] On the other hand, although stopped by **** zero before arcing, the reflected wave electrical 
potential difference Vpr surely rises, when load impedance changes by arcing. Moreover, although high- 
frequency voltage VRF changes with point of measurement, it usually falls. 

[0023] And direct current voltage VDC changes from the quality of the material of a power value, a 
load, and a target, and the negative high voltage which becomes settled by gas rapidly toward zero. 
Therefore, arcing is detectable by choosing and supervising the suitable thing in these 4 element. 
[0024] Drawing 3 shows the electrical-potential-difference change between target-chambers when the 
shift to arc discharge is during the glow discharge for sputtering. Since area is small compared with a 
chamber, if a target performs RF glow discharge among both, a kind of rectification will arise and a 
target side will produce the direct current voltage VDC of -. And if it shifts to arc discharge, it is also 
known that this direct current voltage VDC will decrease rapidly. 

[0025] The electrical-potential-difference change between target-chambers is divided into two steps of 
upper and lower sides, axis-of-abscissa 1 graduation which is a time-axis is made into 1 ms on the upper 
case, and the lower berth expresses axis-of-abscissa 1 graduation with this drawing 3 as 0.1 
microseconds. And the transition period from the glow discharge in an upper case to arc discharge is 
expanded and shown along with the time-axis. 

[0026] On the upper case, since the level difference is produced by the shift to an arc period from a 
spatter period, to being clear, the electrical potential difference VDC between target-chambers is shown 
in wave-like right-and-left both ends, and Vdc at the right end of a wave can **** a small thing 
compared with Vdc at the left end of a wave in the lower berth. That is, when it passes through 0.6 
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microseconds of transition times, it turns out that Vdc changes only in this. Then, the shift to arc 
discharge from glow discharge is detectable by supervising Vdc. 

[0027] However, Vdc is undetectable in a target being a nearly perfect insulating material. Also in this 
case, it is the approach of seeing the value (dVpr/dt-dVpf7dt) to which the effective detecting method 
took each differential (dVpr/dt, dVpf/dt) of a reflected wave electrical potential difference (Vpr) and a 
progressive wave electrical potential difference (Vpf), and deducted the latter from the former. 
[0028] Drawing 4 is a timing diagram which shows change of both the signals of the progressive wave 
electrical potential difference Vpf for explanation of the example shown in drawing 1 of operation, and 
the reflected wave electrical potential difference Vpr, and the changed differential signal (dVpr/dt- 
dVpfdt) based on both [ these ] signals. First, in the progressive wave electrical potential difference Vpf, 
the set point and the reflected wave electrical potential difference Vpr serve as zero, therefore (dVpr/dt- 
dVpf/dt) zero tl 1 at the time of normal discharge. 

[0029] Subsequently, if set to 1 12 at the arcing time, the progressive wave electrical potential difference 
Vpf will fall (rise), and the reflected wave electrical potential difference Vpr will go abruptly up, 
therefore (dVpr/dt-dVpf/dt) it will start steeply, and a disregard level will be exceeded, thereby, a 
control circuit CC carries out detection actuation, and RF generator PS is stopped — making — Time t — 
RF generator PS stops in 13. then, a time — up to 1 14 — LC of RF generator PS and the impedance- 
matching circuit IM — a damping-oscillation current — flowing — subsequently — Time t ~ it becomes 
the quiescent time by timer actuation of a control circuit CC to 15. 

[0030] By tl5, RF generator PS starts at the time after progress of the quiescent time. Although the soft 
start of RP generator PS is carried out, at the time of low-power output, impedance matching with a load 
cannot be taken but the reflected wave electrical potential difference Vpr serves as size. The progressive 
wave electrical potential difference Vpr increases according to the property of a soft start. Although 
change of the reflected wave electrical potential difference Vpr is quite size at this time, since the 
progressive wave electrical potential difference Vpr changes similarly, (dVpr/dt-dVpf7dt) serves as zero 
mostly. 

[0031] Therefore, actuation called arc detection and cutoff following this can be prevented, and the time 
t — if set to tl7 from 16 - gradually — impedance matching of RF generator PS and a load - it can take - 
- the reflected wave electrical potential difference Vpr — decreasing — (dVpr/dt-dVpf/dt) — negative — 
becoming — further — Time t — the progressive wave electrical potential difference Vpf becomes the set 
point by 18, and it becomes the reflected wave electrical potential difference Vpr and (dVpr/dt-dVpf7dt) 
zero. 

[0032] In short, although the reflected wave electrical potential difference Vpr increases at the time of 
arcing and restart of RF generator PS, the progressive wave electrical potential difference Vpf increases 
to decreasing at the time of arcing at the time of restart of RF generator PS. Therefore, if both reflected 
wave electrical potential difference Vpr and progressive wave electrical potential difference Vpf are 
supervised, arc discharge shift and restart of an RF generator are distinguishable. 
[0033] The approach of detecting each power of this progressive wave and a reflected wave is flexible 
from the approach by electrical-potential-difference detection, and moreover, since the detector of these 
power may be installed in any point on a cable, it can include in the output of an RF generator, and 
wiring in the impedance-matching circuit IM becomes easy. 

[0034] Drawing 5 is the structure explanatory view of the wattmeter CM well known to this contractor, 
and explains the reflected wave electrical potential difference Vpr and the progressive wave electrical 
potential difference Vpf by this drawing 5 . the electrostatic capacity between the aerial wires 2 in which 
C was installed by the core wire 1 and this core wire 1 of a coaxial cable side by side in this drawing 5 , 
and M — the mutual induction of a core wire and an aerial wire 2 — it is counting, since it is a wattmeter 
using these [ C and M ], it is also called CM coupler, and it is usually called a RF passage mold 
wattmeter. 

[0035] Electrical potential difference VI between the resistance R both ends in drawing 5 [Equation 1] 
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RV 

vi — 

R- j — — 

coC 

It is here, is V: output voltage and is [Equation 2]. 
R< 

Then, [Equation 3] 
VI *jo)CRV 

It comes out. Moreover, V2 and V3 are [Equation 41. 
V2 ^V3 = jo)MI 

It is here and is Iioutput current, and when Vf and the electrical potential difference of r points are set to 
Vr for the electrical potential difference of f points, it is Vf=Vl+V2 Vr=Vl-V3. 

[0036] And a coupling coefficient is adjusted and it is VI. V3 When a load is SOohms and it is made to 
become the same magnitude, it is Vf=2Vl. It is set to Vr=0. Since it is set to VI =2V2, it is set to 
V£=V1+V2 =2V2+V3 =3V2 Vr=Vl-V3 =2V2+V2 =V2, and Vr stops being 0 if a load is connected to 
the 100-ohm load except SOohms in this condition. 

[0037] On the other hand, when electrostatic capacity (it may be 50 ohms) is connected instead of 

resistance, 90 degrees of current phases progress and they are V2. Since 90 degrees will progress, it is 

[Equation 5] by vector composition. 
1 1 Vf | + | Vrl 



It becomes. 

[0038] Thus, if Wattmeter CM, i.e., CM coupler, is used, it is the pure resistance RL of the value same 
with the termination of a transfer track as a characteristic impedance. The monitor of the same condition 
can be carried out to having connected. This is in the condition of Vr=0. 

[0039] And diode rectifies Vf and Vr, respectively and it supposes that a drawing indicating instrument 
is given as direct current voltage, and if the graduation according to the deflection of the guide of the 
instrument of Vf is given to the above-mentioned indicating instrument in order to get to know the 
power consumed by R= 50 ohms of resistance, it will become a graduation corresponding to high- 
frequency power. And it is called this direct current signal Vpf, i.e., a progressive wave voltage signal, 
and the rectification signal of Vr is called Vpr, i.e., a reflected wave voltage signal. 
[0040] Drawing 6 is the pure resistance RL in the circuit of drawing 5 . The more concrete circuitry 
about a part is shown. Namely, pure resistance RL in drawing The parallel circuit of the capacitor Ce 
showing an electrode in the right-hand side part of the part surrounded with the alternate long and short 
dash line of drawing 6 , and the discharge resistance Rp, two variable capacitors CI, and C2 And it is 
constituted by the impedance-matching circuit which consists of an inductance L. 
[0041] And by adjusting the impedance-matching circuit IM with variable capacitors CI and C2, it can 
see from the coaxial cable connected to the left-hand side in drawing, and a discharge device can be 
made pure resistance. 

[0042] If it returns to drawing 1 again, in the arc detection control circuit ACC surrounded with the 
alternate long and short dash line connected to Wattmeter CM, the signal which detects a polarity and 
level with the differential amplifier which obtains a changed part through drawing and a differential 
circuit, and consists the reflected wave signal Vpr and the progressive wave electrical potential 
difference Vpf of transistors Qf, Qr, and Qo with the single frequency filter connected to Wattmeter CM 
(dVpr/dt-dVpf/dt) will be given to drawing and RF generator PS. 

[0043] That is, Qr serves as ON by the rapid standup of Vpf, Qf becomes off, bias starts Qo, and an arc 
cut pulse with the persistence time according to the time amount which intercepts a power source to RF 
generator PS is given. In this case, the resistance RM 1 prepared in the differential-amplifier input edge 
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at which the signal of the reflected wave electrical potential difference Vpr is given, and RM2 grade do 
not discharge at all, or prevent that reflective level becomes beyond a predetermined value, and they are 
inserted in order to attain stabilization of equipment of operation. 

[0044] Drawing 7 shows the discharge self-sustaining situation when changing an electric supply stop 
time gradually as a wave form chart. That is, the result of having verified the discharge self-sustaining 
situation when shortening an electric supply stop time gradually with 100 microseconds, 25 
microseconds, and 5 microseconds is shown sequentially from the left. The wave by the side of the 
leftmost in this drawing 7 shows the time of making an electric supply stop time into 100 microseconds, 
a central wave shows the time of considering as 25 microseconds, and the wave of most right-hand side 
shows the time of considering as 5 microseconds. 

[0045] And discharge continued among these 3 persons only at the time of 5 microseconds, and when it 
is other 100 microseconds and 25 microseconds, it has stopped. Although not illustrated, discharge 
continued [ the electric supply stop time ] at least about 10 microseconds. 
[0046] 

[Effect of the Invention] As mentioned above, when the shift to arc discharge from glow discharge is 
detected, since it was made only for the time amount for less than 10 microseconds immediately after 
detection to stop the electric supply to glow discharge equipment, also under a spatter pressure lower 
than a discharge-starting pressure, this invention can suspend discharge and can carry out the smooth 
shift of the arc to glow discharge. Consequently, the good spatter film can be formed in a sample with 
the sufficient yield. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 31 
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[Drawing 5] 
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